APPARTUS AND METHOD FOR MOUNTING COMPONENTS ON 

SUBSTRATE 

This application is a Divisional application of Serial No. 09/953,180, filed September 
1 7, 200 1 , now allowed. 

5 

FIELD OF THE INVENTION 

[0001] The present invention relates to an apparatus and method for mounting 

electric components on a substrate such as a circuit board. 

1 0 BACKGROUND OF THE INVENTION 

[0002] Referring to Fig. 31, there is illustrated a conventional mounting system 

generally indicated by reference numeral 1. In general, the system 1 includes a supply 
section 2 for supplying electric components, a placement head 3 for receiving a 
component from the supply section 2 and then mounting the component on a substrate 

15 such as a circuit board, a transport unit 4 for transporting the placement head 3, a 
recognition device 5 for taking a digital image of the component held by the placement 
head 3, a holding section 6 for receiving and holding the substrate onto which 
components are mounted, and a controller 7 for controlling an entire operation of the 
system 1. 

2 0 [0003] In operation of the system 1, the placement head 3 moves to a 

predetermined position above the supply section 2 bearing a component supply cassette 
11, for example, with a number of components 12. A vertically extending vacuum 
nozzle 13 in the form of a quill supported by the placement head 3 is moved down to 
receive a component 12. The placement head 3 is then rotated about a vertical axis, i.e. 

25 Z-axis, by an angle controller 14 so that the component is oriented in a predetermined 
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direction. The recognition device 5 takes an image of the component 12, supported by 
the nozzle 13 of the placement head 3, moving past a predetermined position opposing 
the recognition device 5. The image is transmitted to an image processor 20 where the 
image is processed according to a specific image processing technique to determine a 
5 position of the component, i.e., its horizontal and/or angular displacement relative to the 
nozzle. Information indicating the position of the component is transmitted to the 
controller 7. Based upon the information, the controller 7 corrects the position of the 
component. Then, the nozzle 13 is moved above a predetermined placement position of 
substrate 18 and then down toward the substrate 18 so that the component 12 is 

1 0 mounted on the substrate. 

[0004] Fig. 32 is a flowchart showing a conventional method for mounting 

components. In this method, at step SI 101, nozzle 13 receives component 12. Then, 
at step SI 102, recognition device 5 takes a picture of the component 12 held by the 
nozzle 13. The picture is processed at image processor 20. A position of the 

15 component 12 is determined at step SI 103 so as to determine whether the component 12 
can be mounted on substrate 18. If the component 12 is incapable of being mounted on 
the substrate, the nozzle 13 brings the component to a collect station (not shown) at step 
SI 106. Otherwise, horizontal and/or angular displacement of the nozzle 13 is 
determined at step SI 104. Using this determined displacement, a horizontal position of 

2 0 the placement head 3 and/or an angular orientation of the nozzle 1 3 is adjusted. Finally, 
the component 12 is mounted in position onto the substrate 18 at step SI 105. During 
this process, no judgement is made as to whether the nozzle 13 interferes with one or 
more components already mounted on the substrate 18. 

[0005] In the meantime, electric devices are likely to be small sized and light- 

25 weight, thereby increasing a density of components mounted on substrate 18 
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considerably. For example, a clearance between neighboring components of about 
1.0mm x 0.5mm is decreased to about 0.2mm. Notwithstanding this, each component 
should be mounted on the substrate so that it does not interfere with another component 
already mounted on the substrate. To this end, used is a nozzle with a tip end designed 
5 to be larger than a small component 12. 

[0006] However, where clearance of components is down to about 0.1mm, for 

example, a displacement of component 12 relative to nozzle 13 may result in an 
interference between the nozzle 13 and the component 12 already mounted on the 
substrate 18. This is illustrated in Figs. 33A and 34B. In each drawing, illustrated are 

10 nozzle 13 and components (12, 12a) both viewed from a substrate. Specifically, in Fig. 
33 A, the nozzle 13 is shown so that it is angularly inclined relative to the component 12. 
In this instance, using an image of the component captured by recognition device 5 and 
a result obtained by image processor 20, controller 7 corrects a horizontal and/or 
angular position of the component 12 relative to the nozzle 13 before mounting of the 

15 component 12 so that the component is placed at a predetermined, correct position on 
the substrate. However, as shown by hatched lines in Fig. 33B, a part of the nozzle can 
result in an interference with another component 12a already mounted on the substrate. 
On the other hand, Fig. 34A shows a nozzle and component retained by the nozzle in 
which the component is horizontally offset from a center of the nozzle. In this instance, 

20 as shown in Fig. 34B, nozzle 13 is displaced so that the component is mounted at a 
correct position on the substrate, and this in turn results in an interference with another 
component 12a already mounted on the substrate as shown by hatching. 
[0007] Although not clearly shown in these plan views, i.e., Figs. 33B and 34B, 

since the component has a certain height, interference may be more problematic for a 

25 case with a reduced clearance when considering a deviation of height and/or inclination 
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of the component. That is, interference between nozzle 13 and component 12a results 
in another displacement of the component 12a. What is worse, component 12 may be 
damaged, which results in a deterioration and/or malfunction of a circuit. 

5 SUMMARY OF THE INVENTION 

[0008] Therefore, a purpose of the present invention is to provide an apparatus 

and method for mounting a component on a substrate, which is capable of mounting the 
component on the substrate without any interference between a nozzle and a 
component already mounted on the substrate even when only a small clearance is 
10 ensured between components on the substrate due to a requirement of compactness of 
the components. 

[0009] To this end, according to the apparatus and method of the present 

invention, a holder receives a component from a component supply and then places the 
component on a substrate. In operation, a judgement is made as to whether the holder 
15 would make an interference with another component already mounted on the substrate. 
Then, if the judgement is affirmative, a mounting of the component held by the holder is 
prohibited. If, on the other hand, the judgement is negative, the component held by the 
holder is mounted on the substrate. 

2 0 BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Fig. 1 is a flowchart showing a method for mounting components on a 

substrate according to a first embodiment of the present invention; 
[0011] Fig. 2 is a flowchart showing a method for mounting components on a 

substrate according to another embodiment of the present invention; 

25 [0012] Fig. 3 is an enlarged side elevational view showing heights of 
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components mounted on a substrate; 

[0013] Figs. 4A and 4B are diagrams for describing a determination of an 

interference between a component holder and a compon ent already mounted on a 
substrate; 

5 [0014] Fig. 5 is a flowchart showing a method for mounting components on a 

substrate according to another embodiment of the present invention; 
[0015] Figs. 6A and 6B are diagrams for describing a determination of 

interference according to the method of Fig. 5; 

[0016] Fig. 7 is a flowchart showing a method for mounting components on a 

10 substrate according to another embodiment of the present invention; 

[0017] Figs. 8A to 8C are diagrams for describing a determination of 

interference according to the method of Fig. 7; 

[0018] Figs. 9A to 9D are other diagrams for describing a determination of 

interference; 

15 [0019] Fig. 10 is a schematic perspective view of a component mounting 

apparatus of the present invention; 

[0020] Fig. 1 1 is a flowchart showing a method for mounting components on a 

substrate according to another embodiment of the present invention; 

[0021] Figs. 12A and 12B are diagrams for describing a determination of 

2 0 interference according to the method of Fig. 1 1 ; 

[0022] Fig. 13 is a flowchart showing a method for mounting components on a 

substrate according to another embodiment of the present invention; 
[0023] Fig. 14 is a flowchart showing a method for mounting components on a 

substrate according to another embodiment of the present invention; 

25 [0024] Fig. 15 is a schematic perspective view of another component mounting 
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apparatus of the present invention; 

[0025] Fig. 16 is a side elevational view showing a part of another component 

mounting apparatus with a rotary head; 

[0026] Fig. 17 is a plan view showing an arrangement of placement heads 

5 supported by the rotary head; 

[0027] Fig. 18 is a block diagram showing portions of a controller of the 

component mounting apparatus; 

[0028] Fig. 1 9 is a table showing an example of an NC program; 

[0029] Fig. 20 is a table showing an example of an arrangement program; 

1 0 [0030] Fig. 2 1 is a table showing an example of a parts library; 

[0031] Fig. 22 is a flowchart showing a process for calculating a neighboring 

distance carried out by a distance calculator of Fig 1 8; 

[0032] Fig. 23 is a diagram showing an area occupied by a component on a 

substrate; 

15 [0033] Fig. 24 is a diagram showing a distance between neighboring areas; 

[0034] Fig. 25 is a flowchart for determining interference between a holder and 

a component; 

[0035] Fig. 26 is a flowchart showing processes carried out by a component 

data section; 

2 0 [0036] Fig. 27 is a perspective view of another component mounting apparatus; 

[0037] Fig. 28 is a block diagram showing portions of the component mounting 

apparatus of Fig. 27; 

[0038] Fig. 29 is an enlarged perspective view of placement heads of the 

component mounting apparatus of Fig. 27; 
25 [0039] Fig. 30 is a schematic plan view of the component mounting apparatus of 
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Fig. 27; 

[0040] Fig. 31 is a schematic perspective view of a conventional component 

mounting apparatus; 

[0041] Fig. 32 is a flowchart showing a conventional component mounting 

5 process; and 

[0042] Figs. 33A- 34B are schematic plan views for describing interference 

between a holder and a component. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

1 0 FIRST EMBODIMENT 

[0043] With reference to the drawings, description will be made to a system and 

method for mounting a component onto a substrate or circuit board according to a first 
embodiment of the present invention. The system of the present invention has an 
appearance that is substantially identical to the conventional system illustrated in Fig. 

15 31. Namely, system 1 has a component supply 2, a placement head 3 for receiving and 
mounting a component, a robot or transport device 4 for transporting the placement 
head 3, a recognition device 5 for taking a picture of a component held by the placement 
head, a holder 6 for receiving and then holding a substrate, and a controller 7 for 
controlling an entire operation of the system. 

20 [0044] Generally, the placement head 3 causes its nozzle 13 to receive 

component 12 from the component supply 2 and, while moving toward the recognition 
device 5, rotate the nozzle about its vertical axis so that the component orients in a 
predetermined mounting direction. The recognition device 5 takes a picture of the 
component held by nozzle 13 of the placement head 3. The picture is then processed by 

25 an image processor 20 to determine a position of the component 12 on the nozzle 13. 



The determined position is transmitted to the controller 7. Based upon an instruction 
from the controller 7, the placement head 3 corrects, if any, horizontal and/or angular 
displacement of the component and then places the component in a predetermined area 
on substrate 18. Typically, the picture of the component is taken while the placement 
5 head 3 is moving toward a placement station. However, according to the type of the 
recognition device 5, the placement head 3 may halt while taking a picture of the 
component. 

[0045] Fig. 1 is a flowchart showing a process for mounting a component 

according to an embodiment of the present invention, which is carried by the controller 

10 7. According to this program, at step SI component 12 is received by nozzle 13 of the 
placement head. At step S2 the recognition device 5 picks up an image of the 
component held by the nozzle. The image is transmitted to and then processed by the 
image processor 20. Using a result obtained by the image processor 20, it is determined 
at step S3 whether the component can be mounted on a substrate. If it is determined 

15 that the component is incapable of being mounted correctly on the substrate, the 
program proceeds to step S7, causing the nozzle 13 to discard the component at a 
collect station (not shown). This occurs where the component is considerably inclined 
relative to a surface of the substrate; the nozzle bears an incorrect component; or the 
component is outside a field of the recognition device so that the recognition device is 

2 0 unable to pick up an entire image of the component. 

[0046] If it is determined at step S3 that the component is in a condition such 

that it can be mounted on the substrate, the program proceeds to step S4. At this step, 
another determination is made whether, during mounting of the component, the nozzle 
13 would make an interference with a component mounted on the substrate due to 

2 5 horizontal and/or angular adjustment of the component held by the nozzle relative to the 



9 



nozzle. This determination will be described fully together with the specific 
embodiments. If, on the other hand, it is determined at step S4 that there exists a 
possibility of interference between the nozzle 13 and a component 12a mounted on the 
substrate, the program proceeds to step S7. At this step, the component 12 held by the 
5 nozzle 13 is discarded at the collect station (not shown). Indeed, there exists another 
option in which the nozzle 13 is moved and/or rotated to a certain extent in order to 
avoid interference during mounting of the component 12, which will be described in 
detail below. Then, the program proceeds to step S5 where a horizontal and/or angular 
correction of the nozzle 13 required for mounting of the component 12 is determined. 
10 Subsequently, the nozzle 13 is corrected and then the component 12 is mounted on 
substrate 18 at step S6. After completion of the mounting or discard of the component, 
the nozzle 13 moves again toward the component supply 2 for a next pickup operation 
of a component. The above steps are repeated for subsequent components to be 
mounted on the substrate. 

15 

SECOND EMBODIMENT 

[0047] Next, referring to the drawings, description will be made to a component 

mounting apparatus and method according to a second embodiment of the present 
invention. Basically, structure of appearance and operation of a system of this 

2 0 embodiment is similar to that of the first embodiment described above, except for a 
process for prevention of interference between a nozzle and a component. 
[0048] Referring to Fig. 2, there is a process performed by controller 7. In this 

process, component 12 is supported on a nozzle at step Sll. Then, a position of the 
component 12 held by the nozzle is determined at step S12, which is used at step S13 

2 5 for a determination of whether the component can be mounted on a substrate. If it is 
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determined at step S13 that the component is unable to be mounted on the substrate in a 
proper way, the program proceeds to step S19 where the component is discarded at a 
collect station. The operations described above are the same as those described for the 
first embodiment. 

5 [0049] If, on the other hand, it is determined at step 13 that the component is 

held so that it can be mounted on the substrate, another determination is made at step 
SI 4. At this step, it is determined whether the nozzle 13 makes an interference with 
component 12a mounted on the substrate during placement of the component 12 held 
by nozzle 13. For this purpose, a first decision is made as to whether a height of the 

10 component 12 held by the nozzle 13 is greater than that of the component 12a around 
which the component 12 will be mounted. Fig. 3 illustrates a spatial relationship 
between the component 12 held by the nozzle and the component 12a mounted on the 
substrate. As shown in the drawing, if the height of the component 12 to be mounted is 
equal to or greater than that of the mounted component 12a, no physical interference 

15 between the nozzle 13 and the mounted component 12a will occur even when the nozzle 
13 overlaps the mounted component 12a in a region indicated by a. The heights of the 
components 12 and 12a are transmitted to and then stored in controller 7 (see Fig. 31). 
Therefore, in this instance the program proceeds to step SI 7 where a horizontal and/or 
angular correction of the nozzle is determined in order to mount the component 12 in a 

20 predetermined position on the substrate. Based upon this determination, the component 
12 is placed on substrate 18 at step SI 8. 

[0050] If, on the other hand, the height of the component 12 is less than that of 

the mounted component 12a, a calculation is made to determine a relationship between 
the nozzle 13 and the mounted component 12a, i.e., whether the nozzle 13 would make 
25 an interference with the mounted component 12a. 
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[0051] Figs. 4A and 4B schematically illustrate a spatial relationship between 

the nozzle 13 and the component 12 held by the nozzle in which it is assumed that the 
component 12 is improperly inclined relative to the nozzle. In this instance, according 
to the conventional technique, as best shown in Figs. 4A and 4B, the nozzle 13 is turned 
5 around to direct the component in a proper direction, which in turn can result in an 
interference between the nozzle 13 and the mounted component 12a. 
[0052] However, according to the present invention, a new concept or reference 

area (safety region) 21 is used for determining whether a nozzle interferes with a 
mounted component. The reference area 21 is predetermined in light of a position of 

10 neighboring, mounted component 12a. In this embodiment, an outer periphery of the 
mounted component 12a defines a part of an outline of the reference area 21. 
Alternatively, as shown by a long and short dotted line in Fig. 4B, the reference area 
may be spaced away from an outer periphery of the mounted component, leaving a 
certain clearance therebetween for safety. 

15 [0053] An amount of horizontal and/or angular correction of the component 

relative to the nozzle in Fig. 4A is calculated in light of a known configuration and 
reference position of the nozzle. Also, actual displacement of the component is 
determined by comparing an image of the component taken by the recognition device 
with a known configuration and reference position of the nozzle. The reference position 

2 0 of the nozzle 13, which is supposed with its center located at center 25 of the nozzle 13 
as shown in Fig. 4A, is stored in the controller 7 or imaging device 20. Also, in order 
to suppose the reference area 21, also used are a shape, size and position of the 
component 12a mounted on the substrate, stored in the controller 7. 
[0054] Referring back to Fig. 2, using a calculation result made at step SI 5, a 

25 determination is made at step SI 6 as to whether the nozzle 13 stays within the reference 
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area 21. When even a small part of the nozzle 13 is positioned outside the reference 
area, it is determined that the nozzle 13 would interfer with the mounted component 12a. 
Then, at step S19 the component 12 is discarded from the nozzle 13 without being 
mounted on the substrate. If, on the other hand, the nozzle 13 stays fully within the 
5 reference area 21, it is determined that no interference would occur between the nozzle 
and the mounted . component 12a. Then, the program proceeds to step S17 where 
horizontal and/angular displacement, or an amount of correction of the component 12, is 
calculated. Based upon this calculation, displacement of the component 12 is removed 
by moving the nozzle 13. Then, the component 12 is placed on the substrate at step SI 8. 
10 After completion of placement or discard of the component at step SI 8 or SI 9, the 
nozzle moves back to the supply section 2 for a next pickup operation of a component. 
Afterwards, the program returns to step SI 1 so that the above-described procedures are 
performed again. 

[0055] A clearance between reference area 21 and an outline of a mounted 

15 component may vary from one direction to another direction depending upon features 
of neighboring components. Also, reference area 21 may be extended in one direction 
in the form of strip if no neighboring component exists in that direction and, therefore, 
there is no necessity for considering possible interference in that direction. 
[0056] If a component held by the nozzle has a greater height than a neighboring, 

20 mounted component, it can be determined that there is no possible interference between 
the nozzle and the mounted component. Therefore, in this instance, the controller 
performs only steps S 13 to S 15 for every component without making any determination 
at step S14. This also applies to the following embodiments. 
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THIRD EMBODIMENT 

[0057] Referring to the drawings, description will be made to another system 

and method according to a third embodiment of the present invention. Basic structure 
of appearance and operation of the system of this embodiment is similar to that of the 
5 first embodiment described above, except for a process for prevention of interference 
between a nozzle and a component. 

[0058] Referring to Fig. 5, there is shown a process performed by controller 7. 

In this process, at step S21, component 12 is received on a nozzle. Then, a position of 
the component 12 held by the nozzle is recognized at step S22, which is used at step 
10 S23 for determining whether the component can be mounted on a substrate. If it is 
determined at step S23 that the component is unable to be mounted on the substrate in a 
proper way, the program proceeds to step S29 where the component is discarded at a 
collect station. The operations described above are the same as those described for the 
first embodiment. 

15 [0059] If, on the other hand, it is determined at step 23 that the component is 

held so that it can be mounted on the substrate, another determination is made at step 
S24. At this step, it is determined whether a height of the component 12 held by nozzle 
13 is greater than that of component 12a around which the component 12 will be 
mounted. If the height of the component 12 to be mounted is equal to or greater than 

20 that of the mounted component 12a, the program proceeds to step S27 where a 
horizontal and/or angular correction of the nozzle is calculated. Based upon this 
calculation, the component 12 is placed on substrate 18 at step S28. 
[0060] If, on the other hand, the height of the component 12 is less than that of 

the mounted component 12a, the program proceeds to step S25 where a position of the 

2 5 nozzle 13 above the substrate 18 at a mounting position of the component 12 is 
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calculated. For example, if component 12 is inclined relative to substrate 18 as shown 
in Fig. 6A, calculated are possible positions of the nozzle 13 on the substrate 18 in 
which the component 12 is oriented in a proper direction as shown in Fig. 6B. 
[0061] Based upon this calculation, another determination is made at step S26 as 

5 to whether the nozzle 13 overlaps at least part of the component 12a which is supposed 
to have been mounted in a predetermined position on the substrate 18. If an overlap is 
established, it is determined that the nozzle 13 would interfer with the mounted 
component 12a. In this instance, the component 12 is transported to a discard station at 
step S29 without being mounted on the substrate. Otherwise, the program proceeds to 

10 step S27 where an amount of horizontal and/or angular correction of placement head 3 
is calculated. Based upon this calculation, a necessary horizontal and/or angular 
correction is made to the placement head 3. Then, the component 12 is mounted on the 
substrate 18. After mount or discard of the component 12, the nozzle 13 is returned to 
the supply section 2 for a pickup operation of a subsequent component and, then, the 

i 5 program proceeds again to step S2 1 . 
\ [0062] As described above, although in the second embodiment a reference area 

is considered for determination of possible interference, in this embodiment possible 
interference is determined using a position in which a neighboring component 12a is 
supposed to have been mounted on the substrate. For this purpose, information of not 

20 only shape and size of the nozzle 13 but also shape and size and mounted position of 
component 12a are stored in the controller 7. Using this information, the controller 7 
calculates positions occupied by the nozzle 13 and the component 12a. 
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FOURTH EMBODIMENT 

[0063] Next, referring to the drawings, description will be made to another 

component mounting apparatus and method according to a fourth embodiment of the 
present invention. Basic structure of appearance and operation of the system of this 
5 embodiment is similar to that of the first embodiment described above, except for a 
process for prevention of interference between a nozzle and a component. 
[0064] Referring to Fig. 7, there is shown a process performed by controller 7. 

In this process, at step S31, component 12 is received on a nozzle. Then, a position of 
the component 12 held by the nozzle is recognized at step S32, which is used for 
10 determining at step S33 whether the component can be mounted on a substrate. If it is 
determined at step S33 that the component is unable to be mounted on the substrate in a 
proper way, the program proceeds to step S39 where the component is discarded at a 
collect station. The operations described above are the same as those described for the 
first embodiment. 

15 [0065] If, on the other hand, it is determined at step 33 that the component is 

held so that it can be mounted on the substrate, another determination is made at step 
S34. At this step, it is determined whether a height of the component 12 held by the 
nozzle 13 is greater than that of a component 12a around which the component 12 will 
be mounted. If the height of the component 12 to be mounted is equal to or greater than 

20 that of the mounted component 12a, the program proceeds to step S37 where an amount 
of horizontal and/or angular correction of placement head 3 is calculated. Based upon 
this calculation, the component 12 is placed on the substrate 18 at step S38. 
[0066] If, on the other hand, the height of the component 12 is less than that of 

the mounted component 12a, the program proceeds to step S35 where, as shown in Fig. 

25 8B, irrespective of a size of the mounted component 12a, a reference area 21a is 
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determined from a size of component 12 during image processing so that the reference 
area is greater than the size of the component 12 by a certain amount. A size of an 
expanded area of the reference area can be determined arbitrarily. The size of the 
reference area may be determined using a predetermined limit distance from a 
5 neighboring component, stored in the controller as shown in Fig. 21 . 

[0067] Referring back to Fig. 7, it is determined at step 36 whether the nozzle 

13 stays within the reference area 21a in light of size and shape of the nozzle 13, 
reference position of the nozzle 13 (e.g., its center 25), and position of the component 
12 relative to the nozzle 13 determined at step S32. If not, the program proceeds to step 

10 S39 where the component 12 is discarded at the collect station. Otherwise, the program 
proceeds to step S37 where an amount of horizontal and/or angular correction of 
placement head 3 is calculated. Based upon this calculation, a horizontal and/or angular 
correction is made to the placement head 3. Then, the component 12 is mounted on 
substrate 18 at step S38. After mount or discard of the component 12, the nozzle 13 is 

15 returned to the supply section 2 for a pickup operation of a subsequent component and, 
then, the program proceeds again to step S31. 

[0068] The size of the reference area 21a may be varied from one direction to 

the other direction according to an arrangement of components on the substrate, in 
particular, a neighboring component or components. Also, the reference area 21a may 

20 be extended in a certain direction in the form of strip if no neighboring component 
exists in that direction and, therefore, there is no necessity for considering a possible 
interference in that direction. Further, if there is a possible interference only in one 
direction, as shown in Fig. 8C the reference area may be defined only in that direction. 
[0069] In the embodiments described above, an amount of horizontal and/or 

25 angular displacement of component 12 relative to nozzle 13 is determined by 
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comparing a known shape and size, and a preset reference holding position of the nozzle 
13 (e.g., a center of the nozzle 13), with an image picked up by recognition device 5. 
However, instead of using such known shape and size, and preset reference holding 
position of the nozzle 13, an amount of horizontal and /or angular displacement of 
component 12 relative to nozzle 13 may be determined from an image picked up by the 
recognition device 5 and then used for the position determination. This also ensures a 
precise determination of whether there is a possible interference between the nozzle 13 
and a mounted component 12a. 

[0070] Also, though in the previous embodiments whether nozzle 13 interferes 

with mounted component 12a is determined by image processor 20, such a 
determination may be performed by controller 7. 

[0071] Further, although in the previous embodiments placement head 3 is 

transported in a horizontal plane by robot 4, a rotary mounting device having a plurality 
of placement heads arranged on a circle and rotating successively for mounting, may be 
used instead. 

FIFTH EMBODIMENT 

[0072] Referring to the drawings, description will be made to a system and 

method according to a fifth embodiment of the present invention. In this embodiment, 
the system has another imaging device for picking up an image of substrate 1 8 in order 
to establish a position of component 12a mounted on the substrate, and thereby to 
determine a possible interference between nozzle 13 and the mounted component 12a. 
For example, as shown in Fig. 9A, in a previous embodiment it is determined whether 
nozzle 13, of which horizontal and/or angular position has been adjusted, falls at least 
partly in reference area 22 defined by a position of mounted component 12a. However, 
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a certain condition may be thought that, as shown in Fig. 9B, component 12a is 
mounted on a substrate in an inclined fashion with respect to a predetermined direction 
and position. In this instance, even though nozzle 13 stays within reference area 22, 
there still exists some possibility to cause interference between the nozzle 13 and the 
mounted component 12a. However, when the component 12a is inclined in an opposite 
direction as shown in Fig. 9C, no interference would occur even if a part of nozzle 13 is 
located outside reference area 22. 

[0073] Therefore, according to this embodiment, a position of mounted 

component 12a is obtained and then used in determination of whether nozzle 13 
interferes with the mounted component 12a. For this purpose, as shown in Fig. 10, a 
component mounting apparatus 30 has a second image processor 31 for recognition of 
component 12a mounted on substrate 18. Preferably, the image processor 31 is 
positioned on placement head 3 near nozzle 13. Other structures of the mounting 
apparatus 30 are similar to or identical to those described in the previous embodiment, 
so that no description is made thereto. 

[0074] Referring to Fig. 1 1, there is shown a flowchart indicating a component 

mounting process performed by controller 7. The flowchart is similar to that described 
with respect to the second embodiment, except that image processor 31 recognizes a 
position of component 12a mounted on substrate 18 at step S41. This recognition is 
carried out after placement head 3 has reached a position where it places component 
12 on the substrate 18, preferably after completion of placement of component 12. An 
image of the mounted component 12a is transmitted to image processor 20 or the 
controller 7 where it is used at step S47 to define a reference area. 
[0075] For example, as shown in Fig. 9D, a deformed reference area 22a may be 

defined for inclined component 12a. The deformed reference area 22a ensures to 
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prevent interference between nozzle 13 and component 12a placed improperly. Also 
ensured is a proper mounting of component 12, which would be prohibited from being 
mounted when supposing a non-deformed reference area as shown in Figs. 9A to 9C. 
The image processor 3 1 may be provided on another moving member rather than the 
5 placement head 3. In this instance, the image processor 31 with the moving member 
may oppose the substrate 18 for recognition of the substrate while the placement head 
3 is away from the substrate 1 . 

SIXTH EMBODIMENT 

10 [0076] Referring to the drawings, description will be made to another system 

and method according to a sixth embodiment of the present invention. In this 
embodiment, component 12 which is discarded due to possible interference between a 
nozzle and a mounted component is allowed to be mounted on substrate 18 by 
adjusting a horizontal and/or angular position of the nozzle while preventing 

15 interference of the nozzle and the mounted component. That is, in the second 
embodiment, as shown in Fig. 4B if the nozzle 13 protrudes beyond reference area 21, 
component 12 is discarded without being mounted on substrate 18. However, as shown 
in Figs. 12A and 12B, even in the same condition nozzle 13 rotates in a direction 
indicated by arrow 27 so that it stays wholly within reference area 21, allowing 

2 0 component 12 to be mounted on substrate 18. This not only prevents interference 
between the nozzle and a component on the substrate, but also increases an efficiency of 
mounting. 

[0077] Although in this embodiment the nozzle 13 is rotated into the reference 

area, the nozzle may be transported linearly in a direction away from component 12a 
2 5 on substrate 18. Also, the rotational movement may be combined with linear 



20 

movement. 

[0078] The above adjustment of the nozzle 13 can cause component 12 to 

incline as indicated by a solid line, relative to a proper position on the substrate 
indicated by a long and short dotted line 12b. This may increase a likelihood of 
5 interference between component 12a mounted on the substrate and the nozzle 13 during 
placement movement for a subsequent component. However, interference is prevented 
by reducing a size of reference area 21 according to inclination in formation of a 
region for the subsequent component. The nozzle 13 is discarded unless the nozzle 13 
enters entirely within the reference area. 

10 [0079] Fig. 13 is a flowchart showing a component mounting method of this 

embodiment. In this flowchart, processes performed at steps SI 1 to S19 are the same as 
those described with regard to the second embodiment of the present invention. If it is 
determined at step S16 that nozzle 13 is outside a reference area, another determination 
is made at step S61 as to whether the nozzle would be entirely within the reference area 

15 by linear and/or rotational movement of the nozzle. If the result is affirmative, a 
position of the nozzle is adjusted at step S17 so that the nozzle stays entirely within this 
region. Then, a component held by the nozzle is mounted on the substrate at step SI 8. 
Otherwise, the component 12 is discarded at a collect station. 

[0080] Although this embodiment has been described in combination with the 

20 second embodiment, it can equally be combined with other embodiments described 
above using a reference area. In particular, in combination of this embodiment with the 
fifth embodiment, since possible interference is determined after recognition of 
position of component 12a on a substrate, inclination of component 12 provides no 
adverse affect with respect to mounting of a subsequent component. 



25 
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SEVENTH EMBODIMENT 

[0081] Referring to a flowchart in Fig. 14, description will be made to another 

system and method according to a seventh embodiment of the present invention. In this 
embodiment, data of interference between nozzle 13 and component 12a on substrate 
5 18 is collected during a process of mountings for one or more than a certain number of 
substrates. Then, the collected data is used for protection against interference during 
subsequent mountings. For example, in mountings for a predetermined number of 
substrates, interference data including the number, degree, and position of possible 
interference caused between a nozzle and a component is memorized. This data is 

10 processed statistically, for example, to obtain a tendency of interference or inclination. 
This tendency shows, for example, when and/or where interference is likely to occur. 
Therefore, if that tendency is confirmed at step S72, an adjustment is made to cancel or 
reduce the tendency, thereby preventing interference between nozzle 13 and 
component 12a on substrate 18. 

15 [0082] The adjustment may be made by rotation and/or horizontal movement of 

component 12 to be mounted and/or component 12a mounted on the substrate. If, by 
this adjustment, a former tendency is eliminated but another tendency is presented in a 
predetermined number of subsequent mountings, a further adjustment is made to cancel 
or reduce the latter tendency. In this instance, adjustment may be made to either or 

20 both of components 12 and 12a. When adjusting both components, an amount of 
adjustment may be divided substantially equally for two components. 

EIGHTH EMBODIMENT 

[0083] Referring to the drawings, description will be made to another system 

2 5 and method according to an eighth embodiment of the present invention. As described 
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with reference to Fig. 3, when the height of a mounting component 12 is greater than 
that of a mounted component 12a 3 no interference will occur between nozzle 13 and the 
mounted component 12a. This in turn means that no interference would be made by 
mounting components in an order in which a shorter component is mounted earlier than 
5 a taller component. Therefore, according to this embodiment, components are mounted 
in a reverse order of their height, thereby preventing interference of a nozzle and a 
mounted component or components without any necessity of defining a reference area, 
or of recognizing a size of the mounted component or components. 
[0084] In this case, it is not necessary to determine a mounting order for all 

10 components to be mounted on the same substrate. This is because nozzle 13 may 
interfere only with a component 12a positioned in an area in which component 12 will 
be mounted, and may not interfere with a component 12a positioned away from the area. 
Then, it is advantageous to define several blocks on the substrate, each of which 
includes only components that would cause interference between the nozzle and a 

15 mounted component. In this instance, an order of mounting of components is 
determined for each block. Also, it is unnecessary to determine possible interference 
between the nozzle holding a component to be mounted in one block and a mounted 
component or components in another block away from the one block. Each height of 
the components to be mounted on one substrate is available from component data pre- 

20 stored in controller 7. 

NINTH EMBODIMENT 

[0085] Referring to the drawings, description will be made to another system 

and method according to a ninth embodiment of the present invention. In this 
25 embodiment, interference determination using reference area 21 is performed for a 
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rotary type component mounting apparatus. 

[0086] As shown in Figs. 15 and 16, a component mounting system 100 

generally includes a component supply section 1 10 for supplying electronic components 
successively, a rotary head 112 for receiving and then mounting the components on a 
5 substrate 18, and an X-Y table 1 14 for positioning the substrate . With this arrangement, 
the substrate 18 is supplied from a substrate supply section 116 and then positioned on 
the X-Y table 1 14. The rotary head 1 12, on the other hand, receives components 12 
from the component supply section 110. A position of each component on the rotary 
head 112 is corrected, if necessary. A corrected component is then mounted on the 

10 substrate 18. After completion of mountings of the components, the substrate is 
transported from the X-Y table to a substrate discharge station 118. 
[0087] In addition, the mounting system 100 has an input section 120 for data 

input, a display station 122 for data display, and a controller 107 for controlling 
operations of devices in the system. Input data includes sizes of components and 

15 control data, and display data includes data showing a condition of the devices in the 
system. 

[0088] Referring to Fig. 16, the component supply section 110 has a set of 

parallel parts cassettes 1 1 each holding a number of electronic components 12. The set 
of parts cassettes is supported so that it can move back and forth in a direction 

2 0 perpendicular to the drawing, which ensures that each of the parts cassettes is to provide 
a component for a component supply region 1 10a. The X-Y table 1 14 is supported so 
that it moves between the substrate supply section 116 and the substrate discharge 
section 118. At the substrate supply section 116, the table 114 reaches a position 
communicated with a substrate inlet where it receives a substrate 18 on which 

2 5 components will be mounted. Then, the table 114 holds and then transports the 



substrate 1 8 into a placement position where components are mounted thereon by the 
rotary head 112. At the placement position, the table 1 14 moves left to right and back 
and forth so that each component is mounted at a predetermined, corresponding position 
on the substrate. After completion of mountings of the components, the table 114 
moves to a position adjacent to the substrate discharge section 1 18 for discharge of the 
substrate to the substrate discharge station 118. 

[0089] For example, as shown in Fig. 17, the rotary head 1 12 has 12 placement 

heads at regular intervals on its periphery. Each of the placement heads 126 has five 
nozzles 132 for holding components of different sizes, and is supported so that it moves 
up and down and rotates about a central, vertical axis thereof. This allows that, when 
receiving and mounting a component, each nozzle 132 takes an outermost position on a 
circle indicated by a long and short dotted line in Fig. 17. 

[0090] In operation, each placement head 126 is transported by index rotation 

of rotary frame 128 from component supply position 110a of the component supply 
section 110 to an opposite, component placement position, and then back again to the 
component supply position 1 10a through various stations. 

[0091] Discussion will be made to operations carried out at each station. At 

station 1 (ST1), i.e., drawing station, nozzle 132 faces a component supply position and 
receives component 12 from component supply section 110. Then, a thickness of the 
component held by nozzle 132 is measured at ST3 by a two-dimensional line sensor 
(not shown), which thickness is then transmitted to the system 100. The system 100 
determines whether the thickness measured is less than a predetermined value. If this 
determination is affirmative, the system recognizes that no component is supported by 
the nozzle, or the component is incorrectly supported by the nozzle. Otherwise, at ST 4 
(i.e., pickup station), a two-dimensional CCD camera (i.e., displacement detector) picks 
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up a plan image of the component held by nozzle 132 from below. Using this image, a 
horizontal and/or angular displacement of the component is determined, which is then 
transmitted to the system 100. At ST6, the nozzle rotates about its vertical axis 
according to determined, horizontal and/or angular displacement to orient the 
5 component in a proper direction. 

[0092] At ST7 (i.e., mount station), by use of a result obtained from the image 

processor, the X-Y table is positioned. Then, placement head 126 moves down to place 
the component onto substrate 18 in position. If it has been determined at ST3 or ST4 
that the component is incorrectly supported on the nozzle, or a wrong component is 
10 supported on the nozzle, the component is discarded from the nozzle at respective 
stations. At ST11 (i.e., nozzle select station), placement head 126 is rotated about its 
vertical axis, depending upon a component to be mounted, to place a corresponding 
nozzle 132 into an outermost position on circle 134. 

[0093] Angular displacement may be corrected by rotation of the placement 

15 head. This results in a further horizontal displacement of a component, which is 
eliminated by movement of the X-Y table. 

[0094] Next, discussion will be made to an embodiment for mounting a 

component by the system 100. This method is featured in that a determination is made 
as to whether a nozzle or a component supported on the nozzle would make an 

20 interference with a component mounted on a substrate, by use of various criteria. 

[0095] For this purpose, as shown in block diagram of Fig. 18, system 100 

includes various portions for its controlling. Controller 107 has an NC data store 
section 141 for storing data defining a mounting position of each component on a 
substrate; an arrangement data store section 142 for storing data of a supply position of 

25 each component defined in the NC data, and types of components; a component data 
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store section 143 for storing data defining features such as a shape of each component 
and a type of each nozzle; a nozzle size data store section 144 for storing data defining a 
size of each nozzle; a calculator 145 for calculating a distance between every two 
neighboring components on the substrate in both, X and Y directions using data 
5 provided from the stores 141, 142, and 143; a distance data store section 146 for storing 
distances calculated by the calculator 145; and an interference judge 148 forjudging 
existence of a possible interference using data from the data store section 146, and also 
determining a suitable clearance for each component and a mounting position. 
[0096] In order to mount components onto a substrate, the system 100 includes 

10 an NC program, arrangement program, and component library, for example, stored 
therein. As shown in Fig. 19, the NC program 151 defines an order of components to 
be mounted and has supply positions (Z-number) and placement positions (X- and Y- 
coordinates) of the components. As can be seen from the drawing, one line of such data 
is prepared for each component. 

15 [0097] As shown in Fig. 20, the arrangement program 152 defines data that 

includes a shape of a component for each Z-number by use of an associated code in 
order to distinguish a type of component to be supplied. 

[0098] As shown in Fig. 21, the component library 153 defines data of 

component shape code, component feature code, operational condition, supply 

20 condition, and neighboring condition. For example, the component shape code defines 
a type of a component. The component feature code defines a size of the component. 
The supply condition defines how and by what the component is to be supplied. The 
neighboring condition defines a size of a nozzle and a clearance between neighboring 
components on a substrate in order to determine a possible interference between the 

2 5 nozzle, or a component to be mounted, and a mounted component . 
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[0099] Possible interference can be determined using a constant, limit distance 

defined for prevention of the interference. However, in this procedure nothing is 
considered about the neighboring condition of components. Therefore, according to 
the present invention, the limit distance is automatically determined by taking into 
account the neighboring condition for mounting of each component, rather than using 
a constant limit distance. 

[0100] The NC program 151, arrangement program 152, and component library 

153 are established and stored prior to actual mounting of components. Then, a 
program for mounting is generated by a combination of the NC program 151, 
corresponding to a substrate on which components are mounted, and the arrangement 
program 152 defining component supply positions and shapes of components 
designated in the NC library 153 with component shape codes. 

[0101] Fig. 22 shows a flowchart for using distance calculator 145 to calculate 

a distance between two neighboring components mounted on a substrate. In this 
flowchart, at step Sill NC data store section 141 provides a mounting, horizontal and 
angular position (x and y coordinates and 9) of a component on the substrate. At step 
SI 12, the arrangement data store section 143 provides a shape code of the component. 
Then, at step SI 13 the component data store section 143 provides dimensions in the x 
and y directions of a component corresponding to the shape code. The distance 
calculator 145 calculates an area (x s , y s ) on the substrate to be occupied by the 
component at step SI 14. The area (x s , y s ) is stored in distance data store section 146. 
[0102] For example, the area (x s , y s ) is defined by the following equations: 



{LcosR + WsinR) ^ ( LcosR + Ws'mR} 
x n - -< x < x + \ 

{Ls'mR + WcosR) ^ ^ ( LsinR + WcosR} 

y P -~ ~ 2 L *y M ^y P +\ 



0) 
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wherein, as shown in Fig. 23, 
x p , y P : coordinates of a center of the component, 
R: angle of the component, and 

L, W: dimensions of the component. 
5 [0103] This calculation is performed for every component to be mounted on the 

substrate at step SI 15. Then, an area of one component P is provided from the distance 
data store section 146. Next, another component providing a minimum distance from 
the component P in either direction is determined. This process is illustrated in Fig. 24 
in which, for one component P, selected in x-direction is component P£ that provides a 
10 minimum distance Ax from the component P, and selected in y-direction is another 
component Pu that provides a minimum distance Ay from the component P. For 
example, as shown in Fig. 24, the x-coordinate (x c ) of the center of the selected 
component P£ and the y-coordinate (y u )of the center of the selected component Pu are 
defined as follows: 

15 • XCmin < XCs < XCmax (3) 
yumin < yus < yumax (4) 

Then, a minimum distance in the x- and y-directions from the components P£ and Pu, 
respectively, are determined as follows:A 

— Xp min " %t max (5) 

20 Ay = y umin -y pmax (6) 

wherein xi min and X| max are minimum and maximum x-coordinates of the component PI, 
respectively, y um in and y umax are minimum and maximum y-coordinates of the 
component Pu, respectively, and x pm i n and y pmax are minimum x-coordinate and 
maximum y-coordinate of the component P, respectively. The calculated distance Ax 

2 5 and Ay are stored in the distance data store section 46 at S 1 1 7. 



[0104] Referring to Fig. 25, there is shown a flowchart of a procedure for 

determination of possible interference of a component, performed before mounting of 
components 12. In this program, according to a preset mount program, among a 
number of parts cassettes prepared at the component supply 1 10, one parts cassette 1 1 
bearing a desired component 3 designated by the mount program is moved to the 
component supply position 110a. Component 12 is received by nozzle 132 of 
placement head 126 positioned at the component supply section ST1 of the rotary head 
110a at stepS121. 

[0105] Then, the rotary head 112 is subject to index rotation to transport the 

placement head 126 with the component into the recognition station ST4 where the 
component is recognized by a two-dimensional CCD camera at step SI 22. The image 
recognized by the recognition device is used to determine a relative relationship 
between nozzle 132 and component 12 in the x and y directions at step SI 23. That is, 
at this step, offsets of the nozzle 132 from the component 12 in the x- and y-directions 
are determined. Each offset bears a plus or minus sign. Then, neighboring distance 
information for the component supported by the nozzle is retrieved from the distance 
data store section 146 at step SI 24. Then, another determination is made at step SI 25 
as to whether offset of the nozzle 132 from the component, calculated at step SI 23, is 
less than the neighboring distance retrieved in either direction. If the offset is greater 
than the neighboring distance, there exists a possible interference between the nozzle, or 
the component supported on the nozzle, and another component mounted on the 
substrate. Therefore, at step SI 26 the placement head 126 is moved to discard station 
ST6 where the component is released from the nozzle into a collect container (not 
shown). The same component is then picked up again by the nozzle and, if there is no 
possible interference, mounted at a position of the substrate where the discarded 
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component was intended to be mounted. If, on the other hand, the offset is less than the 
neighboring distance, the component is mounted at step SI 27 at a predetermined 
position of the substrate. If it is determined that the above steps have been performed 
for every component, the program is completed at step SI 28. 

[0106] According to the mounting method of this embodiment, data is 

automatically generated for determining interference between a nozzle, or component 
supported on the nozzle, and another component mounted on a substrate for the nozzle 
and each component. This eliminates a complicated input process of respective 
neighboring distances at generation of a mounting program. Also, conventional data 
can be used in this method without any necessity of modification. This means that no 
complicated operation is needed for input of new data for a mounting. Also, possible 
interference is checked for each component independently, which prevents unwanted 
discard of a component capable of being mounted. This ensures an effective mounting 
of components. Further, immediately after discard of one component, the same 
component is mounted on the substrate without moving the rotary head, which ensures a 
reduction of total time for this mounting. 

TENTH EMBODIMENT 

[0107] Discussion will be made to another system and process for mounting of a 

component according to a tenth embodiment of the present invention. Generally, in this 
embodiment, data of components mounted on a substrate are used for determination of 
possible interference. 

[0108] This method is preferably used in the system 100 shown in Figs. 15 to 17. 

In particular, in addition to structures shown in Fig. 18, the system 100 further includes 
a memory section 147 for holding a list of positions of components mounted on a 
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substrate, which list is dynamically updated after mounting of each component. A 
nozzle interference check section 148 determines, for each component supported on a 
nozzle, whether it will make an interference with any component mounted on a 
substrate using data from the memory sections 144, 146 and 147. For each 
determination, a suitable neighboring limit distance is calculated for each component 
and its position. 

[0109] Referring to Fig. 26, there is shown a flowchart indicating procedures 

carried out at the memory section 147 in Fig. 18 during mounting of a component. For 
example, when a new substrate is introduced into the system 100, the memory section 
147 clears a list of positions of components mounted for a previous substrate at step 
S131. After a new component is supported on a nozzle at step SI 32, it is determined at 
step SI 33 whether other components neighboring the new component on the substrate 
has been mounted on the substrate. If a neighboring component has already been 
mounted on the substrate, an interference check is made only for that neighboring 
direction according to procedures described in the ninth embodiment at steps that 
follow step SI 34. Otherwise, no interference check is made and the component 
supported by the nozzle is mounted on the substrate at step SI 39. 
[0110] According to the mounting method of this embodiment, if data shows a 

possibility of interference between neighboring components but no interference would 
occur when considering actual mounting, an interference check is eliminated. This 
means that minimum checks are carried out, thereby shortening a time for mounting of 
each component. 

[0111] In this embodiment, when it is determined that the nozzle or a 

component supported on the nozzle would interfer with a mounted component, the 
supported component is discarded without being mounted on a substrate and then 
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another component is held by the nozzle for its mounting. In this instance, however, the 
system may simply be de-energized and then provide a warning to an operator of this 
system. This allows the operator to determine whether the component supported on the 
nozzle should be discarded. 
5 [0113] Although the ninth and tenth embodiments have been described in 

combination with the system 100 having rotary head 12, they are equally applied to 
system 1 in which a placement head moves back and forth on a substrate fixed in the 
system shown in Fig. 31, and another system shown in Figs. 27 and 30 in which a 
placement head has a plurality of nozzles for supporting plural components 
10 simultaneously (see Fig. 29). Devices equipped in the system in Fig. 27 are 
operationally connected to each other as shown in Fig. 28. 

[0114] System 200 has a guide portion including a pair of guide rails 252 each 

extending from a substrate supply section 216 through a substrate support section 217 to 
a substrate discharge section 218, and each located at a center of a base frame 250. This 

15 allows for substrate 18 introduced at the supply section 216 to be transported to the 
support section 217, where components are mounted thereon, and then discharged from 
the discharge section 218. The base frame 250 arranged above the substrate 18 is 
provided on its opposite sides with y-axis robots 260 and 262, which in turn support an 
X-axis robot 264 so that by driving of the y-axis robots 260 and 262 the x-axis robot 

2 0 moves back and forth in the x-direction. This allows a placement head 266 to be moved 
horizontally in the x- and y-directions. Each robot has a transport mechanism. For 
example, the transport mechanism has a nut secured to a movable member, and a 
threaded shaft secured to a fixed member and drivingly connected to a motor so that, by 
driving of the motor, the shaft rotates to transport the movable member back and forth 

25 alternately. 
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[0115] The placement head 266 supported by X-Y transport mechanism, with 

the x-axis robot 264 and y-axis robots 260 and 262, supports a component by its nozzle 
232 for placement onto a substrate at a predetermined position of the substrate. The 
component may be a circuit chip such as a resistor or condenser supplied from a parts 
cassette, for example, and another large electronic device such as an IC connector (e.g., 
SOP or QFP) supplied from a parts tray, for example. Mounting procedures are 
controlled by controller 207 in Fig. 28 according to a program memorized and preset in 
memory 1001. The program may be inputted by manually using keys prepared at an 
operation panel, for example. 

[0116] The parts cassettes 1 1 are arranged on opposite sides of the paired guide 

rails 252, e.g., on the right upper and left lower sides. Each parts cassette 1 1 has a strip- 
like component holder wound about a reel and holding a number of components or 
circuit chips such as resistors and condensers. The parts tray 268, on the other hand, 
can support a pair of two trays 268a extending perpendicularly to the guide rails, 
respectively. Each tray 268a slides toward the guide rails 252 according to the number 
of components to be supplied so that a component supply portion stays at a 
predetermined pickup position with respect to the y-direction. Typically, each tray 268a 
supports a number of electronic components such as QFPs. 

[0117] An image processor 220 is provided near a substrate positioned by the 

pair of guide rails 252 in order to detect a two dimensional displacement or a position of 
a component supported by nozzle 232, and also to cancel displacement by movement of 
the placement head 266. The image processor has a recognition device at its bottom 
and a housing surrounding the recognition device. A number of light emitters such as 
light emitting diodes are provided stepwise inside the housing for illumination of a 
component supported on the nozzle. This allows for light to be emitted from various 
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directions toward a mounting surface of the component, which ensures picking up a 
clear image of the component with a suitable angle irrespective of the type of the 
component. An angle is predetermined for each component according to preset 
component recognition data. An image picked up by the image processor 220 is 
5 processed by the controller to determine a center of the component and positions of 
electrodes to be used for correction of placement position and/or angle. 
[0118] As shown in Fig. 29, transport head 266 has a component holder or a 

multiple head with a plurality of placement heads (e.g., first to fourth placement heads 
226a to 226d of the same structure). Each placement head has a nozzle 232, an actuator 

10 278 for moving the nozzle 232 up and down, and a pulley 284. Pulleys 284 of first and 
third placement heads 226a and 226c are drivingly connected through a timing belt 282 
to a 9-rotation motor 280a so that the nozzles 232 of these heads can rotate about 
respective vertical axes thereof simultaneously. Pulleys 284 of second and fourth 
placement heads 226b and 226d are connected through another timing belt 282 to 

15 another 9-rotation motor 280b so that the nozzles 232 of these heads can rotate about 
respective axes thereof simultaneously. Each actuator 278 is made of an air-cylinder, 
for example, so that by turning on and off the air-cylinder the nozzle 232 moves up and 
down for receiving and holding a component. Although as shown in Fig. 29 rotation of 
the motor 280a is transmitted through one timing belt to rotate the nozzles 232 of the 

2 0 placement heads 226a and 226c, and rotation of the motor 280b is transmitted through 
another timing belt to rotate the nozzles 232 of the placement heads 226b and 226d, 
each of the placement heads 226a-226d can be connected to an individual motor for its 
9-rotation. However, in order to reduce weight of a unit of the placement heads, the 
number of motors is minimized. 

25 [0119] Each nozzle 232 of the placement heads is replaceable, and spare nozzles 
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are accommodated in a nozzle stacker 286 mounted on the base frame 250 of system 
200. Generally, various nozzles are used such as small sized nozzles for the chips of 
about 1.0mm x 0.5mm, and medium sized nozzles for QFPs of about 18mm x 18mm. 
[0120] In operation, substrate 18 is introduced at the supply section 216 of the 

5 paired guide rails 252 and then transported into the holding section 217. Then, 
placement head 266 is moved by the X-Y robot transversely or horizontally in an X-Y 
plane to receive a predetermined component from the parts cassette 1 1 or parts tray 268. 
This component is then passed by a recognition device of the image processor 220 to 
recognize a position of the component supported by a nozzle. Using the position of the 
10 component, a motor rotates the nozzle 232 for correction of position of the component, 
if necessary. Then, the component is placed at a predetermined component mounting 
position on the substrate 18. 

[0121] Each of the placement heads 226a-226d moves down the nozzle 232 

vertically, i.e., in the z-direction, by driving of actuator 278 when receiving a 
15 component from parts cassette 11 or parts tray 268, and also when placing a 
component onto substrate 1 8. Also, a nozzle is replaced depending upon the type of the 
component. 

[0122] By repetition of receiving and mounting, all components are mounted on 

a substrate. A substrate onto which every component has been mounted is transported 
2 0 from the holding section 217 to the discharge section 218. Then, a new substrate is 
introduced from the supply section 216 into the holding section 217 where components 
are mounted on this substrate. 

[0123] An inertial force generated by acceleration and deceleration of a 

component, and an adhering force between the component and a substrate, should be 
2 5 considered when deciding a vacuum force applied from a nozzle to the component. 
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Therefore, components are divided into several groups, i.e., high speed, medium speed, 
and low speed mounting components depending upon weight and size thereof. 
[0124] Also, a plurality of placement heads may be used for simultaneous 

receiving and/or mounting of components. 
5 [0125] In operation of the system 200, distance between all neighboring 

components is calculated according to the program shown in Fig. 22, and then stored in 
the memory unit 146. As shown in Fig. 30, substrate 18 is transported from the supply 
section 216 into the holding section 217. On the other hand, a component is picked up 
from parts cassette 21 1 or pats tray 268 by placement head 216 driven according to a 

10 mounting program. Next, similar to the ninth and tenth embodiments, possible 
interference is checked for a component supported on a nozzle according to the 
flowchart shown in Fig. 25. For this purpose, while the placement head moves above 
the image processor 220, the recognition device takes a picture of the component 
supported on the nozzle. Using the image picked up by the recognition device, position 

15. or displacement of the component relative to the nozzle is determined. Then, it is 
determined whether displacement of the component relative to the nozzle is less than a 
neighboring distance derived from the data unit 146. If the displacement is greater than 
the neighboring distance, the component is discarded. Otherwise, the component is 
mounted on the substrate. An interference check between the nozzle, or component 

20 supported on the nozzle, and a component mounted on the substrate is performed as 
described in the second embodiment. 

ELEVENTH EMBODIMENT 

[0126] Discussion will be made to the eleventh embodiment of the present 

25 invention. This embodiment is directed to a computer readable recording medium. In 
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this medium, a program having procedures for judging possible interference between 
nozzle 13, 132, and 232 and a mounted component 12a is recorded therein. For 
example, the program has several steps of 

receiving a component from the component supply by the component holder; 
5 recognizing a component supported by the component holder; 

using a result of the component recognition and determining whether the component is 
supported properly by the component holder; 

when it is determined that a component is supported by the component holder so that 
this component will not be mounted properly, discarding the component to a collect 
10 station; 

when, on the other hand, it is determined that a component is supported by the 
component holder so that this component will be mounted properly, determining 
whether a height of the component is greater than that of a component mounted on a 
substrate; 

15 when it is determined that the height of the component is less than that of a mounted 
component, determining whether the component holder would make an interference 
with the mounted component during mounting of the component supported on the 
component holder; 

when it is determined that the component holder would make interference with the 
2 0 component mounted on the substrate, discarding the component supported by the 
component holder into a collect section without mounting the component supported by 
the component holder; 

when it is determined that the component holder would not make an interference with 
the component mounted on the substrate, determining whether a height of the 
2 5 component supported by the component holder is greater than that of a neighboring 
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component mounted on the substrate; and 

when it is determined that the height of the component supported by the component 
holder is greater than that of the neighboring component mounted on the substrate, 
calculating an adjustment for correcting horizontal and/or angular displacement of the 
5 component supported by the component holder relative to the component holder. 

[0127] The process has been described in detail in connection with another 

embodiment and, therefore, no further discussion will be made thereto. 
[0128] The recording medium is preferably used for a system described in 

connection with the second embodiment, for example. Also, a program recorded in the 

10 recording medium is installed and then carried out in controller 7, 107, or 207. 

[0129] Although in the process recorded in the medium a component supported 

by the component holder is discarded if it is determined that this component would 
make interference with another component mounted on a substrate, a horizontal and/or 
angular position of the nozzle and/or the component supported by the component 

15 holder may be adjusted so as not to interfere with the component mounted on the 
substrate during mounting of the component supported by the component holder, rather 
than discarding the component as described in connection with the sixth embodiment. 
Likewise, processes described in connection with other embodiments can also be 
memorized in respective recording mediums. In this case, each of the recording 

2 0 mediums is used for installation of a program into controller 7, 107, or 207. 

[0130] In conclusion, the present invention prevents interference between a 

component holder, or a component supported by the component holder, and another 
component already mounted on a substrate even though there remains a slight clearance 
between the components, thereby producing a high quality substrate on which 

25 components have been mounted. 



